Introduction
Zn 1-x-y Be x Mn y Se and other II-VI semiconductors are inte− resting materials for spintronics and other applications in modern optoelectronics [1] . One of practical reasons of such interest is that Mn ions exhibit a relatively high solubility with many II-VI binary compounds [2] [3] . The novel and peculiar magnetic and optical properties of Mn containing II-VI solid solutions arise mainly from the properties of the electrical inactive Mn 2+ ion placed in the cation site [4] . Although Zn 1-x-y Be x Mn y Se mixed crystals are very promis− ing because of the possibility of the energy gap tuning by the change of Be concentration in the solution, the number of papers dealing with the growth and properties of Zn 1-x-y Be x Mn y Se solid solutions is very limited [5] [6] [7] [8] [9] . The method of determination of the quantum efficiency of the luminescence, presented in this paper, is based on the Ro− sencwaig and Gersho photoacoustic (PA) theory [10] . In the photoacoustic method, the sample is illuminated with the modulated in intensity beam of light. Some part of the illu− minating light is reflected from the sample, some part is absorbed in the sample and next converted into heat with the quantum efficiency (1 -f) or emitted in form of light with the quantum efficiency f. As a result, the periodical tempe− rature field is generated in the sample. This temperature heats the gas in the photoacoustic cell. The periodical overpressure in the PA cell that is the result of the periodical changes of the gas temperature in the PA cell is measured by the microphone. For computations of the PA signal, the thermal wave interference method developed by Benett and Patty was used [11] . Its modification and extension was also presented in Ref. 12 .
The nonradiative processes in Al 2 O 3 :Ti 3+ using photo− electric detectors were described in papers Refs. 13, 14, and 15. The microphone detection of measuring the photoacous− tic spectra for investigation of the efficiencies of transitions in C 3+ and C 4+ centres in garnet and Ce 3+ in YAG crystals was applied and the results described in Refs. 16, 17, and 18 . In that approach, the information about the heat conver− sion efficiency could be obtained from the photoacoustic spectrum divided by the optical absorption coefficient spectrum.
The simultaneous multiple−wavelength method of the measurement of the photoacoustic and luminescence sig− nals, so−called, SIMPLE method for determination of the efficiency of luminescence of Eu 2+ ions in KCl with the piezoelectric detection of the photoacoustic signal after the pulse laser illumination was presented in Ref. 19 , giving the value f = 100%. The same method applied for determina− tion of the quantum efficiency of Cr 3+ ion luminescence in Cs 2 NaAlF 6 crystals gave the value f = 69% [20] . An appli− cation of the SIMPLE method enabled also determination of the quantum efficiency of the luminescence of Cr 3+ ions in LiNbO 3 :ZnO crystals and gave the value f = 10% [21] .
The review of Mn 2+ luminescence in a series of AII−BVI semiconductors was presented in Ref. 22 . It shows that the Mn emission related quantum efficiency depends on Mn concentration and can reach from a few percent up to 22% at room temperature depending on the crystal. This paper presents a modification of the photoacoustic method of determination of the quantum efficiency of lumi− nescence applied for Mn 2+ centres in Zn 1-x-y Be x Mn y Se mixed crystals. This modification enabled to get the spectra of the quantum efficiencies of the luminescence for the investigated Mn 2+ ion.
Idea of applied photoacoustic method
The considerations presented in this paper are based on the assumption that the comparative numerical analysis of the theoretical PA spectra and the experimental photoacoustic spectra allows to determine the quantum efficiency of the luminescence that occurs after the light is absorbed by the centre. The method consists of several steps: 
PAS THEOR (l) is the theoretical PA amplitude spectrum com− puted from the optical absorption coefficient spectrum and the quantum efficiency of luminescence f = 0, PAS EXP (l) is the PA amplitude experimental spectrum, l EM is the wave− length of the maximum of the luminescence, and l is the wavelength of the absorbed light. This method can be applied for luminescent centres for which the luminescence is not generated by the band to band electron transitions, as it is in the case of Mn 2+ ion luminescence in AII−BVI crystals, what is observed in their luminescence excitation spectra. That is the limitation of the presented method.
The derivation of Eq. (1) is based on the SIMPLE method described in papers Refs. 19, 20, and 21. When the PA and luminescence signals are measured simultaneously one can get the relationship
from which the formula for the quantum efficiency of lumi− nescence is derived in the form 
where E is the energy of the absorbed photons, from which the quantum efficiency of luminescence can be derived as
where l is the wavelength of the absorbed light. From this relationship, the spectrum of the quantum efficiency of the luminescence can be determined.
Experimental method and sample preparation
The Zn 1-x-y Be x Mn y Se crystals were grown from the melt by the high pressure high temperature Bridgman method [23] . Next, the samples were cut into the plates of the thickness l = 0.13 cm and mechanically grinded, polished, and chemi− cally etched in NaOH water solution. The samples exhibited an efficient Mn 2+ yellow broad luminescence band with the maximum about 582 nm at room temperature, correspond− ing to the internal 4 T 1 -6 A 1 transition in the Mn 2+ ion. The absorbance of the samples was measured with the Perkin Elmer absorbance meter. The photoacoustic (PA) spectra of the samples were measured at the frequency of modulation f = 20 Hz in the front experimental configura− tion with the conventional photoacoustic spectrometer described in Ref. 24 . General requirements concerning the apparatus for measurements of the photoacoustic effect were described by Rosencwaig in Ref. 25 . The experimental set−up consisted of 300−W Cermax short arc lamp as a source of light, grating monochromator, mechanical chop− per, set of lenses, PA chamber with an electret microphone, low noise preamplifier, lock in phase selective amplifier MC 500 Scitec Instruments, and the computer. All measure− ments were performed at room temperature and were com− puter controlled. A carbon black sample was used as a reference sample for calibration of the PA spectra.
Experimental results
The thermal diffusivities of the Zn 1-x-y Be x Mn y Se samples, necessary for computations, were determined from the phase frequency PA measurements in the rear experimental configuration and their values determined as about a = 0.02 cm 2 The method of determination of the quantum efficiency of the Mn 2+ luminescence, presented in this paper on the example of the Zn 10.75 Be 0.2 Mn 0.05 Se crystal, exhibiting the energy gap E g = 3.25 eV, consists of several steps described below. In the first step, the absorbance of the sample was measured. The absorbance spectrum of the sample is shown in Fig. 2 .
The absorbance is defined according to Eq. (6)
I 0 is the intensity of the illuminating light, I is the intensity of the transmitted light.
In the second step, the transmission of the sample was computed from the absorbance spectrum according to Eq. (7). The transmission spectrum computed from the absor− bance spectrum of the sample, is shown in Fig. 3 
From the transmission spectrum, the optical reflection coefficient R and the optical absorption coefficient spectrum were computed. The spectrum was computed according to the Eqs. (8) and (9) .
The optical reflection coefficient R can be determined from the value of a transmission for the transparency region when b(l) = 0 and it is expressed by Eq. (8) 
The optical absorption coefficient spectrum was com− puted from the transmission spectrum according to Eq. (9) [24] [ ]
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The computed optical absorption coefficient spectrum of the Zn 0.75 Be 0.20 Mn 0.05 Se crystal sample is presented in Fig. 4 .
From the optical absorption coefficient spectrum, the photoacoustic amplitude spectra of the sample were com puted. The computations of the PA spectra were performed according to Eqs. (10)- (14) where f is the frequency of modulation, l is the thickness of the sample, a is the thermal diffusivity of the sample, b(l) is the optical absorption coef− ficient spectrum. The derivation of these formulae used for computations was presented in Ref. 
Conclusions
From the presented experimental data and theoretical con− siderations based on the proposed photoacoustic approach one can conclude that the quantum efficiency of the Mn 2+ ion yellow luminescence (582 nm) is equal to about f = 35%, 40%, and 32% for the absorption peaks at 430 nm, 470 nm, and 510 nm, respectively, for the Zn The method presented in this paper consisting of the computations and measurements of the absorbance, trans− mission, absorption and photoacoustic spectra, accompa− nied by the corresponding set of mathematical formulae for the optical absorption coefficient spectrum, the photoacous− tic spectra and for the quantum efficiency of the lumines− cence f, necessary for the computations, turned out to be a useful tool for the purpose of determination of the quan− tum efficiency of the luminescence of Mn 2+ centres in AII−BVI crystals. Worth noticing is the high quantum efficien− cy of the Mn 2+ luminescence observed for Zn 1-x-y Be x Mn y Se mixed crystals. 
